7 of the 12 patients treated. Because this disease has a variable course and temporary spontaneous improvement can occur, the observed improvement cannot necessarily b)e attributed to the transfer factor. However, in two patients repeated remissions consistently followed transfer factor administration on repeated occasions. This included freedom from infections, regression of splenomegaly, and clearing of eczema. An unexpected finding was a decrease in bleeding in 3 of the 10 (1, 2) . Patients with this syndrome have lymphopenia, lack delayed hypersensitivity as assayed by skin tests, and have lymphocytes which are defective in vitro in response to phytohemagglutinin (PHA) and to specific antigens as measured by radioactive thymidine incorporation into DNA (3) . These patients may also have a subnormal antibody response to carbohydrate, but not to protein, antigens (4) . Most affected children die in infancy or early childhood (5, 6) .
Because the disease is almost certainly fatal, heroic methods of therapy have been attempted, but they have not been particularly effective. Administration of immunocomnpetent cells has a high risk of mortality because of graft vs. host reactions and the consequent need for high doses of immunosuppressive drugs. Lawrence (7) has found that small doses of transfer factor (a nonimmunogenic dialysate of peripheral blood leukocytes) from tuberculin-positive donors will result in positive tuberculin skin tests in recipients who were previouslI negative. Some investigators believe, but have not proved( that release of transfer factor from transplanted bone marrow, thymus, or whole lymphocytes has resulted in the clinical improvement seen in some patients who were given such transplants as treatment for immunodeficiencv diseases. The chemical composition of transfer factor andl its mechanism of action are poorly understood.
We have previously treated one patient with WiskottAldrich syndrome with large doses of transfer factor (8) . The patient's clinical improvement was striking: he became free of infections, his splenomegaly regressed, his eczema cleared, and new hair began to grow in previous areas of alopecia. Simultaneously, he showed skin reactivity to test antigens, and his lymphocytes acquired the ability to produce migration inhibitory factor (MIF) in response to antigenic stimulation although they remained unable to increase synthesis of DNA in response to the antigen. Other investigators (9) treated a patient with mucocutaneous candidiasis with transfer factor. and reported clinical improvement but the simultaneous administration of amphotericin B make clear interpretation of their results ambiguous. Transfer factor has also been administered, but without clinically apparent benefit, to other patients with mucocutaneous candidiasis (10, 11) and to patients with leprosy (12) .
The success of therapy with transfer factor in our original patient led to the current study; we present here the clinical and laboratory results of administration of transfer factor to 12 patients with WAS. Transfer factor. Normal adult blood donors were selected on the basis of skin test reactivity. Only subjects who were strongly reactive to testing with purified protein derivative (PPD) were selected, as this was used as the primary marker antigen. Donors were skin tested with the full panel of test antigens indicated below, and transfer factor preparations from individual donors were not pooled so that the specificity of the transfers could be determined.
METHODS
All procedures were performed under sterile conditions. 500 ml of blood was drawn into 50-ml syringes containing sodium EDTA and 10% dextran,2 and allowed to sediment fot 2 hr. The plasma buffy-coat layer was collected and centrifuged for 10 min at 4°C. The packed cell volume and total cell count was recorded. The yield of leukocytes from this amount of blood was 24 x 10' cells. The cells were resuspended in 4 ml of pyrogen-free saline and alternatively frozen and thawed 10 times, usinig an acetone-dry ice mixture and a 37°C water bath. Magnesium and DNAse' were added, and the mixture was incubated at 37'C for 30 miii. The resultant cell lysate wvas dialyzed in washed, ethanolsterilized dialysis tubing4 for 24 hr against 500 ml sterile pyrogen-free distilled water in the cold. The distilled water was then changed and the cell lysate redialyzed against a 500 ml sample. The resultant 1000 ml of dialysate (transfer factor) was lyophilized, redissolved in 2 ml of normal saline, passed through a 0.22 m,u Millipore filter, and stored at -200C until use. For use elsewhere, the transfer factor was packed in dry ice and shipped via direct flight as a special service of the airlines. In all cases the transfer factor arrived within 24 hr of shipment and was still frozen oni arrival.
Skin tests. All patients were skin tested with a battery of six skin test antigens: candida (Dermatophytin 0), 1:100 and 1:10;' coccidiodin, 1:100 and 1:10;6 mumps;7 PPD from tubercle bacillus, intermediate and second strength;" streptokinase-streptodornase (Varidase), 4/1 U and 40/10 U;9 and trichophytin (Dermatophytin) 1 Transfer Factor in the WViskoff-Aldrich SyXndronwie 312'"I included PPD, 15 gg/ml," coccidiodin 1:10 dilution,'2 streptokinase-streptodornase 100 ,ug/ml,9 and Dermatophytin o,6 1: 50 dilution. Radioactive thymidine, either 14C (0.2 /ACi) or 3H (2 AOCi), was added 6 hr before harvest. Cultures for determination of stimulation by phytohemagglutinin were harvested after 3 and 6 days of incubation, and cultures for determination of antigen stimulation were harvested after 6 days of incubation. Couints per minute (cpm) were determined in a liquid scintillation counter and the results reported as the ratio of the mean of triplicate experimental tubes, containing antigen or mitogen, to triplicate control tubes. Cultures performed at other hospitals varied in techiiical details from that described here, but followed this general pattern.
Migration inhibitory factor. MIF as assayed by the technique of Rocklin, Meyers, and David (14) . Triplicate culture tubes were set up, each containing 4.5 X 108 purified peripheral blood lymphocytes in 1.5 ml serum-free culture medium. Antigen (PPD, 15 jug," or 0.15 ml of a 1: 10 dilution of Dermatophytin 0) was added to experimental tubes cultured in triplicate. Control tubes contained culture medium with cells but no antigen, or antigens without cells. The supernatants were harvested daily for 3 days and replaced by fresh culture medium containing the original antigen. The supernatants were pooled, dialyzed, lyophilized, and reconstituted to one-fifth of the original volume in culture medium containing 10% guinea pig serum and 5% calf serum. These preparations were tested for the presence of MIF using guinea pig peritoneal exudates as the indicator cells. Each supernatant was tested with at least two capillary tubes, and whenever the original lymphocyte yield was sufficient, the test was repeated with cells derived from three different guinea pigs. Results are expressed as per cent migration in experimental supernatants (derived from lymphocyte cultures with antigen), compared to migration in control supernatants (derived from lymphocyte cultures without antigen). Previous studies have indicated that significant MIF production has occurred when the migration in experimental chambers is less than 80% of the migration in control chambers. For patients studied elsewhere, cultures were performed according to the procedure described, and the frozen or lyophilized preparations shipped by direct flight to one of us (L. E. S.) for testing.
Treatment. All patients underwent complete general and immunologic evaluation and were tested with the complete battery of skin test antigens and whenever possible, lymphocyte DNA synthesis and MIF production were measured.
(The in vitro evaluation was precluded in some patients because they were too small and/or sick to permit drawing the necessary amount of blood.) After completion of the initial evaluation, 1 U of transfer factor (that amount derived from 1 X 109 leukocytes) was injected subcutaneously in two injection sites over the deltoid area or anterior thighs. In some cases the local transfer of reactivity was also measured by injecting 0.1 ml of transfer factor intradermally and skin testing 24 hr later with PPD at the site of injection. 10 days after the systemic transfer, all skin tests were repeated as were the in vitro tests (MIF production and lymphocyte DNA synthesis). The patients were followed by clinical and laboratory evaluation at regular intervals thereafter. Certain patients were given repeated "Parke, Davis therapy with transfer factor if they failed to responid clinically, if their skin tests did not show conversion, or if they showed a response and subsequently experienced a relapse.
RESULTS
The clinical results of transfer factor therapy are shown in Table I . 7 of the 12 patients appeared to respond to transfer factor. Improvement as manifested by relative freedom from infections was noted in 6 of 10 patients who had previously suffered from recurrent severe infections. 3 of the 9 patients with splenomegaly had regression of splenomegaly and 5 of 11 with eczema experienced improvement or disappearance of eczema. An unexpected finding was improvement in the bleeding tendency in 3 of 10 patients.
The results of the laboratory studies before and after transfer factor are shown in Table II and the over-all summary of the clinical and laboratory results are summarized in Table III . 7 of 12 patients showed conversion of skin reactivity; these were the same patients who
showed clinical improvemenit. Wlihen tested, the lymphocvtes of these patients produced MIF in response to the al)propriate alitigens, after but not before transfer factor administration but thev did not undergo radioactive thymidilne incorporation. The lymphocytes of one patient, C. P., were stimulatedl by antig,en after transfer factor but cultures obtained before trainsfer factor were not viable.
There was no change in the erythrocyte isohemagglutinin titers after transfer factor therapy. One patient. D. S., was immnunized with human A substance, and serum studies showed a one to two tube change in the titer of ainti-A. There was no consistant change in the white blood count or lymphocyte count. The platelet counts rose slightly in the three patients who showe(d improvement in bleeding! but this was not a significant change.
In order to (letermiine the specificity of the transfers, both the donors and recipients were tested with six skin test antigens as dscribed. The recipients showed conversion of skin reactivity to some, but not necessarily all, of the antigens to which the donor was sensitive. One patient, J. P., showed conversion of reactivity to an antigen, trichophytin, to which the donor was skin test negative, but this was seen in one test only and occurred very late: 3 months after the admiinlistration of transfer factor. In one additional patient, D. S., the skin test to keyhole limpet hemocyanin (KLH) became positive after transfer factor (the patient had previously been immunized to KLH with negative results); the donor was not tested for sensitivity to KLH.
The results of the study in J. P., are summarized in Table II and illustrated in Fig. 1 . The clinical improvement, conversion of skin reactivity, and MIF production after the first dose of transfer factor has been reported previously (8) . 6 months after the initial treatment 32) 1 S with i U of transfer factor, his skin tests and his MIF production beca.me negative. His splenomegaly, eczema, and partial alopecia returned. He developed in succession otitis media, pneumonitis, and meningitis. These infections were treated with appropriate antibiotics and after his recovery, he was again treated with transfer factor. When tested 10 days later, his skin test was negative but his MIF production had become positive. His splenomegaly again regressed, his eczema cleared, and new hair growth began. 6 months later his skin test and MIF again became negative and his symptoms reappeared. He was retreated with transfer factor before infections developed, and continued to remain free of infections and to participate in all family and school activities, including camping. 6 months later, the return of splenomegaly was noted by the private physician, and the patient also had recurrent eczema and seborrhea. Transfer factor therapy was delayed for a week's camping trip. Shortly after his return, the patient developed a severe Hemophilus influenzae cellulitis of the face, 2 days before the scheduled transfer factor therapy. He was treated with antibiotics followed by transfer factor, with complete recovery. He has now completed four cycles of therapy with similar clinical and laboratory findings with every cycle. R. R. had a history of bronchiectasis and recurrent pneumonitis. He also had gastrointestinal bleeding with a monthly transfusion requirement. His general supportive care, including weeklv infusion of 120 cc of freshly frozen maternal plasma, was improved at the time transfer factor was given, so not all changes can be ascribed to transfer factor. After transfer factor therapy, he remained well, free of infections, and had no further transfusion requirement. The mean platelet count of five determinations before transfer factor was 25,000 (12,500-42,000) and the mean of 9 counts after therapy was 41,400 (12,500-72,500). 6 months after the administration of transfer factor, his skin tests again became negative, he developed an infection, and again required a blood transfusion. After a second treatment with transfer factor, he again improved. The timing of these changes was similar to those noted for J. P. K. N. was clinically similar to the other patients. He clearly had WAS, and there was a strong family history of 11 members who died of WAS, two of which were documented at this hospital. He was clinically uninfected at the time of therapy, but did not respond to transfer factor even though it was given on four occasions. C. T. was clinically ill at the time of the administration of the first dose of transfer factor. He did not show improvement clinically nor did his skin test reactivity become positive. After several months, he was given transfer factor again, with similar negative results.
V. S. a 12-yr old boy, was found to have a mediastinal mass at the time he was admitted for evaluation. Bone marrow examination and lymph node biopsy did not establish the diagnosis, although it is strongly suspected that the mass represents lymphoma. He was treated with 2 doses of transfer factor, and did not show any response except for some improvement in his eczema. He continued to experience infections, and there was no change in his skin reactivity and no MIF production.
S. G. entered the hospital with a white cell count of 8,000 and platelet count of 30,000. He had a large bruise over his hip which had resulted from mild trauma. 1 wk after the administration of transfer factor, he became febrile and developed a herpes lesion on his lip. His white count fell to 2,400 and his platelets to 9,000. The illness continued for about a week, after which he became afebrile, his herpes cleared, his white cell count rose to 8,000 and his platelets rose to 110,000. His eczema cleared completely and his skin tests became positive. When he jumped from a bed, sustaining a severe bump to his knee, he did not experience bruising or bleeding. His platelet count subsequently decreased, and his eczema returned; these were unchanged by another dose of transfer factor, although his skin tests became more strongly positive.
Five of the patients hadl infections which were not prevented by the administration of transfer factor. Except for S. G. those were all patients who showed no response to transfer factor therapy. R. Z. had severe pseudomonas pneumonitis at the time he was treated and died 10 days later. K. N. has been treated with transfer factor on several occasions without reducing the infection rate. C. T. had an infection at the time of therapy, and it continued unchanged after therapy. V. S. developed chills and fever after therapy, and was found to have a staphylococcal bacteremia. S. G. became febrile a week after therapy, and was found to have an herpes infection.
Three of the patients have died. R. Z. was terminally ill with pseudomonas pneumonitis and probable leukemia when treated, and died 10 days after therapy without showing any response to transfer factor. T. R. had a platelet count of 4,000 at the time of treatment. He was treated with Vincristine and platelet transfusions at the same time as the transfer factor, in an attempt to raise the platelets (15 (16) . The defect in the monocyte IgG receptor was not corrected by the administration of transfer factor, since it was present in four patients after the administration of transfer factor despite a response to transfer factor as determined by other immunologic perameters in these patients.
DISCUSSION
The response to transfer factor observed in patients with WAS has been encouraging. These patients often undergo periods of relative clinical improvement, and it is often difficult to determine whether such a change may be due to the therapy or to chance "spontaneous"y remission. In the case of J. P., however, it seems clear that the changes were due to the transfer factor, as he has been through four identical cycles of remission associated with transfer factor, followed by relapse 6 months later.
The course in R. R., suggested a similar picture. While we cannot rule out spontaneous remission in the other patients, the changes observed did, at least, fol-'Spitler, L. E., A. S. Levin The admlinlistrationi of transfer-factor cause(d con -crSion of skin reactivity in 7 of 12 patients, and in those patients tested, there was also production of MIIF, although (except for the response in C. P.) there was no increase DNA synthesis in the lymphocytes. We have previously reported a dissociation between MIF production and DNA synthesis in cells from guinea pigs immunized with the tobacco mosaic virus protein (17) . Others subsequently showed a similar dissociation usinig tuberculin polysaccharide (18) . These results suggest that there may be two populations of lymphocytes responsible for these functions; one which undergoes division in response to antigen and another which produces MIF. These responses are both thought to be mediated by the thymus-dependent lymphocytes or "T" cells, andl these would represent two populations of T cells. The alternative explanation is that this represents two different responses of the same population of lymphocytes.
The unexpected observation of improvement in bleeding in three patients is intriguing. It could perhaps have been due simply to a reduction of spleen size anid hypersplenism due to clearing of infections. However, the changes in the platelet count observed seem insufficient to account for the clinical improvement in bleeding. The nature of the platelet defect in WAS has not been clearly defined. The observations that autologous platelets have a shortened survival time in these patients (19) suggests an intrinsic defect in the platelets. It was subsequently demonstrated that platelets of at least some of the patients and carriers of the disease have a metabolic defect in aerobic glycolysis, leading to the suggestion that the metabolic defect could be the basic defect leading to both the platelet and the immunologic abnormalities (20) . If this is the case, it is possible that transfer factor could act in some fashion to correct the platelet abnormality as well as the cellular abnormality.
We were interested to see whether the transfer factor therapy would cause an increase in the erythrocyte isohemagglutinin titers of our patients. We postulated that the transfer factor might be acting onl the T cells. There-fore, we questioned whether or not the function of the T cells in promoting antibody formation by the B cells, might be reconstituted, therefore causing a rise in the isohemagglutinins. No such rise was observed, even after immunization in D. S.
The studies regarding the specificity of transfer factor do not definitely answer the question, but support the concept that transfer factor confers specific reactivity. It is not surprising that the recipients did not show reactivity to everV antigen to which the donor showed reactvity, since the success of transfer correlates witlh the strength of the reactivity in the donor. Only on two occasions did the recipient show reactivity to an antigeni to which the donor was not known to be sensitive. One of these antigens was KLH, and the donor was not tested for reactivity to this antigen. Since reactivity does occur in some normal subjects, it is possible that the donor did have reactivity to KLH.
The response to transfer factor generally was correlated with the defect in the monocyte IgG receptors. We postulate that in patients with defective monocyte IgG receptors, it is possible to bypass the defect by the use of transfer to reconstitute cellular immunity. In the patients whose monocyte IgG receptors were normal, transfer factor generally did not reconstitute cellular immunity, suggesting that the defect was in a different location, perhaps with the lymphocyte itself. We have thus defined two forms of WAS, one with a defect in the monocyte IgG receptors and good response to transfer factor. Evaluation of a larger series of patients is necessary to confirm this.
We have not observed any adverse reaction to transfer factor therapy. There has been no anaphylaxis, no febrile response, and no evidence of sensitization, even after repeated injections. In contrast, bone marrow transplantation frequently results in death from graft vs. host reaction, and is often used in combination with immunosuppressive agents which may result in overwhelming infection. Based on the results of this study we believe that the use of transfer factor should be explored in this and in other diseases associated with depression of cellular imxnunity.
